Epidemiology of Chronic Kidney Disease
Chronic kidney disease (CKD) is a major global health problem. It is defined by decreased kidney function (characterized by a reduced estimated glomerular filtration rate [eGFR] <60 mL/min per 1.73 m 2 ) and kidney damage characterized by albuminuria or proteinuria. 1 To standardize definitions and facilitate risk stratification, 5 different stages of severity have been defined by the National Kidney Foundation in 2002: CKD stage 1 with a normal eGFR ≥90 mL/min per 1.73m 2 The incidence and prevalence of CKD vary among different regions, which may be explained by both different surveillance programs and differences in underlying diseases. 2 The median worldwide prevalence is estimated to be ≈7.2% in people aged ≥30 years. 3 In the US population, prevalence was estimated to be ≈13%. 4 Prevalences in European or Asian populations are similar, ranging ≤20% in Japan. 3, 5 In general, the prevalence increases with age, although the prevalence in the US population is only 0.7% in the age group 20 to 39 years (CKD stages 3 and 4), it rises ≤37.8% in people aged ≥70 years. 4 One recent study reported a higher prevalence of CKD in women compared with men, regardless of age categories and ethnicity. 3 
CKD and Atrial Fibrillation
Atrial fibrillation (AF) is the most frequent arrhythmia in general and a key factor determining morbidity and mortality in patients with CKD primarily because of the occurrence of thromboembolic events, especially ischemic strokes. In the general population, the prevalence of AF increases from <0.5% in patients aged <50 years to 15% in patients aged 80 years. 6 In patients with renal insufficiency, the risk of AF is even more elevated. An association between CKD and incident AF was reported by several studies. [7] [8] [9] All found increasing hazard ratios (HR) for new-onset AF with decreasing kidney function, even in multivariate analysis. Another study described vice versa an association between incident AF and the development of dialysis-dependent CKD (adjusted HR, 1.67; 95% confidence interval [CI], 1.46-1.91). 10 The Chronic Renal Insufficiency Cohort (CRIC) study reported a prevalence of 16.0% for AF in patients with eGFR ≥45 mL/min and 20.4% in patients with eGFR <45 mL/min. In patients with impaired kidney function and ≥70 years of age, the prevalence rate was 25.5%. 11 Other studies also found increasing prevalence of AF with decreasing renal function. 12, 13 In dialysisdependent patients with CKD stage 5, the prevalence of AF was estimated to range between 3.5% and 27%, depending on AF type.
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Morbidity and Mortality in CKD Patients
With AF CKD, as well as AF, is associated with an increased mortality risk. 15, 16 This applies even more to patients with both conditions. In a retrospective cohort study of >1 million Medicare patients (5.1% with CKD) with incident AF, the unadjusted 1-year mortality rate was 35.6% in patients with CKD stages 3 to 5 and 20.7% in patients without CKD. The adjusted HR for death in patients with CKD and incident AF was 1.14 (95% CI, 1.00-1.30) for CKD stages 1+2 and 1.27 (95% CI, 1.20-1.35) for CKD stages 3 to 5 compared with patients without CKD. Interestingly, the association of CKD stage and risk of death after incident AF diminished with increasing age, although the association was highest in the group 66 to 69 years of age (CKD 1+2: HR, 1.69; CKD 3-5: HR, 1.80 versus no CKD), the HR was 0.90 (CKD stage 1+2) respective 0.89 (CKD stage 3-5) in the group ≥85 years of age. 9 In another recently published study of 387 patients with AF, both eGFR and CHADS 2 score were strong independent predictors of all-cause (HR, 3.57; respective 3.16) and cardiovascular mortality (HR, 3.33; respective 5.53) in multivariate analysis. 17 For hemodialysis patients with AF, HRs for death between 1.16 and 2.32 compared with patients without AF were estimated. 14, [18] [19] [20] Another study found a 4-year mortality rate of 81% in patients with dialysis-dependent CKD and AF.
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CKD and Stroke
Patients with AF are at increased risk for stroke, which have marked impact on quality of life and survival. 6 With decreasing eGFR, the relative risk of thromboembolism, mostly ischemic stroke, increased by 39%. 22 A Japanese community-based observational study reported an even higher risk of stroke for patients with eGFR <40 mL/min (relative hazard 3.1 compared with eGFR <70 mL/min). 23 Examining patients with eGFR <60 mL/min and an elevated stroke risk (CHADS 2 score ≥2) revealed an HR of 11.0 for ischemic stroke compared with patients with eGFR ≥60 mL/min and CHADS 2 score <2. 17 The up-to-date largest population is from a Danish national registry of 132 372 patients with AF and CKD and showed that patients with non-end-stage CKD compared with those without had a factor 1.49 increase (95% CI, 1.38-1.59) for stroke and systemic embolism. 24 Consistently, this large population study also showed that a more severe impairment of renal function is associated with a higher stroke risk (HR for patients with renal replacement therapy, 1.83; 95% CI, 1.57-2.14). This increase in stroke rates in hemodialysis patients was already found in prior reports from the US Renal Data System (15.1% compared with 9.6% in patients with CKD without hemodialysis and 2.6% in matched patients without CKD). 25 CKD increases not only the risk of clinically apparent cardioembolic stroke, but recent studies suggest also a relationship between deep white matter lesions and intracranial small vessel disease. 26 Similar to age and hypertension, renal dysfunction may become a risk factor for progressing white matter disease and its associated cognitive syndromes, such as mild cognitive impairment and vascular dementia. 26, 27 Oral Anticoagulation for the Prevention of Stroke in AF During recent years, in patients with AF and an increased risk of stroke, oral anticoagulation has unequivocally turned out to be the only effective prevention. This evidence bases on numerous studies and has been implemented in all current guidelines. However, the use of oral anticoagulation in patients with CKD has only been assessed in a small number of studies. These are subsequently summarized briefly regarding the results of old or classic drugs for oral anticoagulation (warfarin, phenprocoumon) and the so-called new oral anticoagulants (apixaban, dabigatran, rivaroxaban).
Warfarin and Phenprocoumon
Warfarin and phenprocoumon are potent vitamin K antagonists with multiple, well-known limitations. The most prominent are the need for regular international normalized ratio (INR) controls because of markedly differing drug doses in each individual and numerous interactions with other drugs. Nearly all trials investigating warfarin in patients with renal impairment and AF focused on dialysis-dependent CKD. In brief, all were observational studies. Most of these were small studies with markedly diverging results, although some studies found an increased risk of ischemic stroke in dialysis patients, others described no differences in risk of stroke or even reduction of strokes and mortality. 28 One larger retrospective cohort study with 1671 incident hemodialysis patients with pre-existing AF compared patients without anticoagulants with warfarin, aspirin, and clopidogrel. The overall stroke rate was 4.8% (95% CI, 4.0-5.7). The risk of new stroke was highest in the warfarin group (7.1%; 95% CI, 5.7-8.7), whereas the risk in the other treatment groups was between 2.7% and 3.5%. Cox regression analysis revealed a 2-fold increase in the risk of stroke in patients treated with warfarin versus nonuse (HR, 2.00; 95% CI, 1.34-2.99). The risk of stroke was greatest in warfarin users without INR monitoring versus nonusers (HR, 2.79; 95% CI, 1.65-4.70). However, the subgroups were not comparable: those with the highest risk received oral anticoagulation; therefore, the results may be biased by selection. 29 Another report is that from a Danish publication about a 12-year registry that studied the risk reduction of stroke and systemic thromboembolism among patients without and with CKD (including dialysis dependents) and on or off anticoagulation. In patients with CKD without dialysis (n=3587), a 16% risk reduction in stroke (HR, 0.84; 95% CI, 0.69-1.01; P=0.07) was observed under warfarin therapy compared with no anticoagulation. This effect was even more pronounced with a 56% risk reduction (HR, 0.44; 95% CI, 0.26-0.74; P=0.002) by warfarin in end-stage renal disease patients (77.9% on hemodialysis, 15.4% with peritoneal dialysis, 6.7% with renal transplants). Aspirin increased the risk of stroke or systemic thromboembolism in all groups. However, warfarin increased the risk of bleeding in both CKD patients (HR, 1.36; 95% CI, 1.17-1.59; P<0.001) and dialysis-dependent patients (HR, 1.27; 95% CI, 0.91-1.77; P=0.15). 24 Only few other trials analyzed patient populations with mildto-moderate CKD. In an observational retrospective study of 399 patients with different stages of CKD and AF who were treated with warfarin to maintain an INR between 2.0 and 3.0 versus no warfarin, a significant reduction in the incidence of thromboembolic stroke (9% versus 26%; P<0.001) and an insignificant increase in the incidence of major bleeding (14% versus 9%) were observed. Focusing on the different degree of renal impairment, the incidence of thromboembolic stroke in patients treated with warfarin was significantly lower than in patients treated without warfarin, regardless of the CKD stage (stage 3: 10% versus 20%; P<0.05; stage 4: 5% versus 21%; P<0.05; stage 5: 10% versus 37%; P<0.001; hemodialysis patients: 10% versus 38%; P<0.005). 30 A subgroup analysis of the Stroke Prevention in Atrial Fibrillation (SPAF) III trial, the only randomized study in this field, evaluated CKD stage 3 patients who were treated with dose-adjusted warfarin versus CKD stage 3 patients who were treated with a combination of aspirin and low-dose (1-3 mg) warfarin. Thus, a reduction in relative risk of ischemic stroke and systemic embolism of 76% under warfarin (95% CI, 42%-90%; P<0.001) was found; no difference in the incidence of major bleeding was observed. 31 
New Oral Anticoagulants
During the past years, 3 so-called new oral anticoagulant agents have been introduced. They directly intervene by inhibiting the activation of coagulation factors at the end of the coagulation cascade. In contrary to warfarin, they are used in fixed doses, with no need for regular laboratory monitoring of INR. Because the new oral anticoagulant agents apixaban, dabigatran, and rivaroxaban are predominantly or partially excreted by the kidneys, only patients with CrCl ≥30 mL/min (dabigatran and rivaroxaban) or ≥25 mL/min (apixaban) were included in the trials. [32] [33] [34] [35] The studies with apixaban and rivaroxaban used reduced doses for patients with CrCl <50 mL/ min. Because of renal elimination, the new oral anticoagulants have a prolonged half-life in patients with CKD, resulting in enhanced antithrombotic efficacy and increased bleeding risk. 32 and the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial compared apixaban with warfarin. 33 In both trials, patients with an eGFR <25 mg/mL per 1.73m 2 were excluded, and patients with serum creatinine 1.5 to 2.5 mL/dL received a reduced dose of 2.5 mg apixaban BID instead of 5 mg BID. Compared with aspirin, apixaban significantly reduced the event rates of stroke and systemic embolism in patients with CKD stage 3 and with eGFR ≥ 60 mL/min per 1.73 m 2 , but had no influence on major bleeding events. 32 With regard to the comparison with warfarin, a secondary analysis of the ARISTOTLE trial compared the efficacy and safety outcome of apixaban with warfarin in relation to renal function. 33 Three different methods were used to account for renal function: the widely applied Cockcroft-Gault formula, the chronic kidney disease epidemiology collaboration (CKD-EPI) equation, and cystatin C. Applying the Cockcroft-Gault equation, the annualized stroke rate rose from 1.05% in patients with eGFR >80 mL/min to 2.39% in patients with eGFR ≤50 mL/min, and the incidence of major bleeding events tripled from 1.65% to 4.80%. Apixaban was more effective than warfarin in preventing stroke or systemic embolism, all-cause mortality, and major bleeding, irrespective of renal impairment and the eGFR equation used ( Figure 1A and 1B) . Importantly, patients with eGFR ≤50 mL/min had the greatest benefit from a reduction in major bleeding with apixaban (HR, 0.50; 95% CI, 0.38-0.66; P value for interaction, 0.005; using Cockcroft-Gault equation for estimating GFR; similar results for CKD-EPI and cystatin C).
Apixaban
Apixaban is a direct oral factor Xa inhibitor with rapid absorption, a 12-hour half-life, and 25% renal excretion, which was recently approved in Europe, but not yet by the Food and Drug Administration, for the prevention of stroke and systemic embolism in patients with nonvalvular AF. Two phase 3 trials investigated the efficacy and safety of apixaban: the Apixaban Versus Acetylsalicylic Acid to Prevent Stroke in Atrial Fibrillation Patients Who Have Failed or Are Unsuitable for Vitamin K Antagonist Treatment (AVERROES) trial compared apixaban with aspirin in patients with AF,
Dabigatran
Dabigatran is administered as the prodrug dabigatran etexilate that is rapidly converted by serum esterase to the direct thrombin inhibitor dabigatran. Approximately 80% of the unchanged drug is cleared renally. 36 The phase 3 Randomized Evaluation Figure 1A ). Noninferiority was proven for 110 mg dabigatran versus warfarin for stroke or systemic embolism. Major bleedings were significantly reduced only at the 110 mg dosage (relative risk, 0.80; 95% CI, 0.69-0.93; P=0.003; Figure 1B ). Subgroup analysis of patients with CrCl <50 mL/ min, between 50 and 79 mL/min, and ≥80 mL/min revealed no significant treatment advantage of dabigatran compared with warfarin concerning stroke or systemic embolism. 34 Since the approval of dabigatran, reports on adverse bleeding events in patients with reduced renal function led to a discussion about the safety of the drug. Therefore, there were several safety announcements, including 2 from the Food and Drug Administration. [37] [38] [39] A recent assessment of the risk of gastrointestinal bleeding and intracranial hemorrhage for new users of dabigatran compared with new users of warfarin showed that the bleeding rates seem not to be elevated under dabigatran compared with warfarin.
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Rivaroxaban
Rivaroxaban is a reversible, direct factor Xa inhibitor, with a rapid onset after oral administration. Approximately one third is eliminated by the kidney and two thirds by the liver. The phase 3 trial Rivaroxaban Once-daily oral direct factor Xa inhibition Compared with vitamin K antagonism for prevention of stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF) compared rivaroxaban with warfarin in patients with nonvalvular AF with regard to moderate (CrCl, 30-49 mL/min) and mild renal insufficiency (CrCl ≥50 mL/min). 35 Event rates for stroke and systemic embolism were lower in patients treated with rivaroxaban (1.71%/y) than in the adjusted-dose warfarin group (2.16%/y; HR, 0.79; 95% CI, 0.66-0.96; P<0.001 for noninferiority; Figure 1A ). Patients with moderate renal impairment experienced higher rates of stroke and systemic embolism than patients with mild renal dysfunction. There was a trend for reduction of stroke and systemic embolism under rivaroxaban in patients with CrCl 30 to 49 mL/min (HR, 0.84; 95% CI, 0.57-1.23) and with CrCl ≥50 mL/min (HR, 0.78; 95% CI, 0.63-0.98), although rates for ischemic stroke were slightly enhanced in patients with moderate renal insufficiency (rivaroxaban: 1.98%/y, warfarin 1.78%/y; HR, 1.11; 95% CI, 0.71-1.73; Figure 1A ). Bleeding events occurred more often in patients with renal insufficiency than in patients without. Patients with renal impairment showed comparable bleeding rates under treatment of rivaroxaban versus warfarin (17.82%/y versus 18.28%/y, HR, 0.98; 95% CI, 0.84-1.14; Figure 1B ), but with significant reduction of critical organ bleeding and fatal bleeding. There was no excess bleeding in patients with mild CKD under rivaroxaban or warfarin.
Stroke
In a post hoc analysis of the ROCKET-AF trial, prior stroke or transient ischemic attack, as well as impaired renal function, was strong predictors of new stroke or systemic embolism during follow-up. For every decrease in CrCl of 10 mL/ min, the HR increased by 12% (HR, 1.12; 95% CI, 1.07-1.16; P<0.0001). Thus, the authors concluded that future stroke risk stratification should also consider renal impairment (see below).
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CKD Stage and Oral Anticoagulation
In general, it has to be kept in mind that several methods to determine the GFR are available: measurement of the physiological GFR by 24-hour urine has been found to be unreliable, and therefore a calculated or so-called eGFR is preferred.
1 However, with the 3 most frequently used equations (Cockroft-Gault, modification of diet in renal disease, and CKD-EPI), slight to moderate differences in the eGFR may become apparent and result in a different classification of a patient into a distinct CKD stage. For instance, the above cited post hoc analysis of the ARISTOTLE trial found only a significant reduction of stroke by apixaban in the subgroup of patients with an eGFR of 25 to 50 mL/min if this was calculated by the CKD-EPI equation but not if determined by the Cockroft-Gault formula or measurement of the biomarker cystatin C. Similar differences in some, but not all, other end points (death, bleedings) were observed depending on which method was used. 33 Therefore, further studies should at least also use different GFR estimations to reveal if this has impact on the results; furthermore, future trials identifying the best equation seem to be recommended.
Apart from these methodological aspects, available data indicate that patients without need for dialysis (CKD stages 1-4) should receive oral anticoagulation for prevention of stroke. This has been shown for vitamin K antagonists as well as for all new oral anticoagulants. In general, current guidelines clearly favor the new oral anticoagulants (class I recommendation) in all patients who have difficulties to meet the therapeutic INR range of 2 to 3. New oral anticoagulants should be the preferred choice of treatment in patients with nonvalvular AF (class IIa). Importantly, the benefits of the new anticoagulants seem to be larger in more advanced CKD stages ( Figure 1A and 1B) . Because head-to-head comparisons of the new oral anticoagulants regarding their efficacy in preventing stroke are lacking, a recommendation for a preferred use of any of the new drugs can currently not be made. 41 For patients on chronic dialysis (CKD stage 5), data are conflicting and difficult to interpret: although some trials reported a markedly worse outcome with oral anticoagulation, 20, 29 others suggested a clear benefit 24, 42 or found at least no harm.
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A straightforward recommendation for oral anticoagulation in hemodialysis patients can, therefore, not be given. But one has to be aware: Withholding standard therapies in patients with CKD may be one major reason for worse outcome and poor prognosis. 43, 44 A reasonable solution for this dilemma could be an individualized algorithm that takes both the stroke and the bleeding risk into concern.
Stratification
It has to be kept in mind that all current risk scores and stratification algorithms have been evaluated in patients without Figure 1 . A, Annual event rate of stroke or systemic embolism at different degrees of renal impairment and in the whole study population reported by the Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial (dabigatran), 34 the Rivaroxaban Oncedaily oral direct factor Xa inhibition Compared with vitamin K antagonism for prevention of stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF) trial (rivaroxaban), 35 and the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation (ARIS-TOTLE) trial (apixaban).
33 B, Annual event rate of major bleeding events at different degrees of renal impairment and in the whole study population reported by the RE-LY trial (dabigatran), 34 the ROCKET-AF trial (rivaroxaban), 35 and the ARISTOTLE trial (apixaban). 33 Asterisks mark significant differences of the applied drug compared with warfarin. Each bar, including its height, indicates the ranges of the reported event rates for the specific drugs in these trials (top=upper range limit, bottom=lower range limit).
by guest on April 12, 2017 http://stroke.ahajournals.org/ Downloaded from CKD or without concern of CKD. As described above, there is, however, clear evidence that reduced renal function is an independent and important risk factor for thromboembolism. [22] [23] [24] 44 Recently, for the first time a large database from a randomized trial (ROCKET-AF) was retrospectively used to establish a score that also includes renal failure. 40 It found that implementing additional risk points into the CHADS 2 score markedly increased the predictive value for ischemic stroke. However, this so-called R 2 CHADS 2 score should be evaluated prospectively to determine whether it correctly identifies high-risk patients. The problem associated with the R 2 CHADS 2 score is that it accounts only for eGFR rates <60 mL/min, but not <30 mL/min or if the patient depends on dialysis.
In contrary, a recent French retrospective evaluation including 5912 patients could not find that taking concern of CKD stage improved the risk stratification by CHADS 2 or CHA 2 DS 2 -VASc score significantly, but there was a trend. 45 As reported above, oral anticoagulation is the gold standard for the prevention of thromboembolism in patients with AF. Nevertheless, we know from several reports that patients with CKD receive standard therapies markedly less often than patients with normal renal function and that this is one main contributor to poor prognosis. 43, 44 We, therefore, present an update of a previously presented algorithm 44 that takes these circumstances into concern, as well as some special issues about how to start and maintain oral anticoagulation in such patients, with the primary goal to improve prevention in this high-risk population (Figure 2) .
For all patients with CKD, the stroke risk should be determined using the CHA 2 DS 2 -VASc score as recommended in current guidelines. 6 If patients have no increased risk for stroke, no oral anticoagulation is needed, and at current it would be hardly possible to give oral anticoagulation to a patient with CKD only. However, this scenario is quite unlikely because most patients with CKD have additional risk factors. Stratification algorithm for oral anticoagulation in patients with renal disease and persistent, paroxysmal, or permanent atrial fibrillation. *For patients with 1 risk score point, the current guidelines recommend either oral anticoagulants (stating that this is preferred) or 75 to 325 mg aspirin daily. This has to be outlined in this context, because all the patients included here have also renal failure and thereby present with 1 additional important risk factor, which is currently not implemented in the guidelines. CHD indicates coronary heart disease; CKD, chronic kidney disease; CVD, cerebrovascular disease; eGFR, estimated glomerular filtration rate; INR, international normalized ratio; and PVD, peripheral vascular disease.
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If patients turn out to have an increased risk (CHADS 2 score ≥2 or ≥1 of the additional listed factors), the bleeding risk should be estimated subsequently. Thus, risk factors from the HAS-BLED bleeding risk score and others as displayed should be taken into concern. However, because nearly all of these high-risk patients have a HAS-BLED score of ≥3 (age, renal failure+mostly ≥1 other), we in contrary to the AF guidelines find an exact decision threshold difficult to determine. Recent reports about the HAS-BLED score 46 and other bleeding rules 47 showed that numeric calculations of bleeding risks represent rather an illusion of quantitative correctness than the true risk of future bleedings. Therefore, risks and benefits should preferably be weighted by the physician for each patient individually.
If oral anticoagulation is not indicated, platelet inhibitors should be preserved for patients with arteriosclerotic disease, but not as an alternative for oral anticoagulation for prevention of stroke in AF because platelet inhibitors increased bleeding without preventing thromboembolism risk in AF patients with CKD. 24, 29 In general, oral anticoagulation should be recommended for the majority of patients with a high risk for stroke and with low-to-intermediate risk of bleeding. If oral anticoagulation is initiated, complication rates under oral anticoagulation have been shown to be lower if the starting dosages are given carefully with intensified controls during the first weeks. 44 Bleeding rates are highest during the first 6 to 8 weeks. If a patient is already on oral anticoagulation without complications for some months, a withdrawal of the medication in the presence of a high CHADS 2 score is potentially dangerous and should be monitored closely.
